. Purpose: This study examined the 1-yr test-retest reliability and criterion validity of sedentary time survey items in a subset of participants from a large, nationwide prospective cohort. Methods: Participants included 423 women and 290 men age 31 to 72 yr in the Cancer Prevention Study-3. Reliability was assessed by computing Spearman correlation coefficients between responses from prestudy and poststudy surveys. Validity was assessed by comparing survey-estimated sedentary time with a latent variable representing true sedentary time estimated from the 7-d diaries, accelerometry, and surveys through the method of triads. Sensitivity analyses were restricted to 566 participants with an average of 14+ h of diary and accelerometer data per day for 7 d per quarter. Results: Reliability estimates for total sitting time were moderate or strong across all demographic strata (Spearman Q Q 0.6), with significant differences by race (P = 0.01). Reliability estimates were strongest for the TV-related sedentary time item (Spearman Q, 0.74; 95% confidence interval, 0.70-0.77). The overall validity coefficient (VC) for survey-assessed total sedentary time was 0.62 (95% confidence interval, 0.55-0.69), although VC varied by age group and activity level (P G 0.05). However, VC were similar across groups (P G 0.05) when restricting to highly compliant participants in a sensitivity analysis. Conclusions: The Cancer Prevention Study-3 sedentary behavior questionnaire has acceptable reliability and validity for ranking or categorizing participants according to sedentary time. Acceptable reliability and validity estimates persist across various demographic subgroups.
M uch of the evidence for the independent association of sedentary behavior, waking behavior characterized by very low energy expenditure while in a sitting or lying posture, with chronic disease and premature mortality comes from large prospective epidemiological studies (1) (2) (3) (4) (5) (6) . For practical reasons regarding costs, as well as participant and researcher burden, many epidemiological studies have relied on self-reported measures of sedentary behavior (7) . Although self-reported measures remain the most feasible option for large-scale studies, their use may be limited by participant comprehension, difficulty recalling events, social desirability bias, or other sources of random and systematic error (8) . To assess and potentially limit the influence of such issues, studies must be conducted to evaluate the validity and reliability of a measure (9) . Valid and reliable measures are necessary for accurately and consistently describing an exposure, and for understanding the presence and strength of associations observed in epidemiologic studies.
Existing self-reported measures of sedentary time vary greatly in the timeframe queried, domains assessed, and metrics evaluated. Evidence suggests that sedentary time may be better assessed through a composite score, summing sedentary time in different domains (such as television viewing, travel, or work-related sitting), as opposed to single item surveys which tend to have lower validity (10) . However, prior studies have demonstrated that the most commonly used composite sedentary behavior questionnaires vary widely in both reliability (Spearman test-retest Q = 0.28-0.93) and validity estimates (Spearman Q = 0.14-0.49 compared with accelerometry; Spearman Q = 0.60-0.75 compared with activity log) of self-reported sedentary time (10, 11) . Further, validity estimates for a given questionnaire can vary significantly across subgroups, including sex, race/ethnicity, age, body mass index (BMI), and education level (7, 10) .
As sedentary behaviors are complex and multidimensional, evaluating measure reliability and validity remains a challenge. Primarily, validation studies may be limited by the scarcity of simple gold standard criterion measures for freeliving sedentary behavior. Direct observation is a valid criterion for measuring sedentary time; however, this method is labor-intensive and requires the skill and time of highly trained researchers, making it less feasible for studies large enough to detect differences in validity among various subgroups (12) . Although accelerometers are appropriate for measuring the velocity of ambulatory bodily movements, they do not aptly measure posture or nonambulatory activities. Furthermore, they often produce results that are highly influenced by data processing and proper wear (13, 14) . Accelerometer/Inclinometer devices, such as the ActivPAL, are accurate for measuring posture (i.e., sitting vs standing), but may be prone to misclassifying some seated physical activities (such as resistance training or rowing) as sedentary time (15) .
Additionally, measurement error associated with accelerometers, diaries, and recall surveys may be correlated. This can be problematic as traditional validation approaches (for example, correlations between two measures) technically require independent measurement error between the two measures (16) . The addition of a third measure can minimize this limitation when linear relationships between a latent ''true'' sedentary time measure and the amount measured by three independent instruments are assumed; this methodology is referred to as the method of triads (16) (17) (18) (19) . Although the method of triads is not yet commonly used in sedentary or physical activity survey validation studies, it has been used extensively in nutritional epidemiology and psychology validation studies and can realistically be applied in the validation of any continuous exposure measure (20) (21) (22) (23) (24) (25) .
The present study sought to examine the 1-yr test-retest reliability and criterion validity of sedentary time survey items in a subset of participants from a large, nationwide prospective cohort study of U.S. adults. Results from this study will help inform survey design and/or survey selection decisions for future epidemiologic studies of sedentary behavior. Secondarily, this study aimed to evaluate the reliability and validity estimates of the sedentary time survey items stratified by sex, race/ethnicity, age, BMI, educational attainment, occupational status, and adherence to U.S. federal physical activity guidelines (based on accelerometer data).
METHODS

Study Population
The Cancer Prevention Study-3 (CPS-3) is a prospective study of cancer incidence and mortality initiated by the American Cancer Society (ACS) (26) . Participants were recruited at ACS fundraising events or community enrollment drives between 2006 and 2013. Over 304,000 participants, age 30 to 65 yr with no history of cancer (except for basal or squamous cell skin cancer), were enrolled. The CPS-3 participants completed a baseline survey at enrollment, and are sent repeat surveys every 3 yr to update exposure information.
In 2015, CPS-3 participants were stratified by sex and race/ethnicity and randomly invited to participate in the CPS-3 Activity Validation Substudy (CPS-3 AVSS). Among the 10,000 participants invited, 1801 participants preregistered and consented to participate in the AVSS, and the first 300 white women, 150 white men, 150 Latino/as, and 150 African American/Black participants to complete the 2015 CPS-3 follow-up survey were enrolled into the AVSS. In total, 751 participants were enrolled in the CPS-3 AVSS. The CPS-3 and CPS-3 AVSS are approved by the institutional review board at Emory University.
The AVSS participants were sequentially excluded from the current analyses for the following reasons: having four quarters of invalid diary data (n = 1), lacking sufficient accelerometer wear (Q4 d, Q10 hId j1 wear time) within the range of valid diary dates (n = 25), or missing presurvey or postsurvey sitting time information (n = 12).
Study Design
At the start of the CPS-3 AVSS, participants received a four-page ''prestudy survey'' which included sitting time, physical activity, and various demographic items. Subsequent data collection occurred over the following year, which was split into four equal quarters (Fig. 1) . During each of the four quarters, participants completed a 7-d diary, and during two nonconsecutive quarters, participants wore accelerometers concurrent with diaries. Approximately 1 yr after completing the prestudy survey, participants completed the same four-page survey once again (the ''poststudy survey''). Participants could receive a maximum incentive of US $100 upon completion of the AVSS, with deductions for incomplete diaries (US $20) or lost accelerometers (US $25).
Measures
Seven-day diary. Participants completed one 7-d diary for each quarter of the study, during which they were asked to code their activities in 15-min epochs throughout the entire day on 7 consecutive days. Codes aligning with sedentary behaviors included: ''sitting while: eating, watching television, reading, driving, using computer/smartphone, etc.'' Days with fewer than 10 waking hours reported were considered invalid and excluded from the main analysis. Daily average minutes of sedentary time were calculated as a weighted average for quarters with a minimum of 4 valid days. Quarterly values were further averaged to generate mean daily minutes of sedentary time which account for seasonal changes in behavior.
Accelerometer. During two nonconsecutive quarters (Q1/Q3 or Q2/Q4), participants wore an Actigraph GT3x accelerometer on the hip aligning with the midline of the nondominant thigh. Participants were instructed to wear the device for 7 consecutive days concurrent with the 7-d diary during all waking hours, except when bathing or participating in water-based activities. Accelerometer data that was recorded on invalid diary dates were excluded to maintain an overlap in valid accelerometer/diary days.
Raw Actigraph data were processed using the Choi algorithm to calculate accelerometer wear time and the sojourn-3 axis algorithm to estimate daily sedentary time (27) (28) (29) (30) . The sojourn-3 axis method is a hybrid machine-learning, neural network, and decision tree analysis algorithm which uses second-by-second triaxial accelerometer counts to estimate free-living sedentary time (29) . Days failing to meet the wear time minimum of 10 hId j1 were excluded from the main analysis. Daily average minutes of sedentary time were calculated as a weighted average for quarters with a minimum of 4 valid days (31) . Quarterly values were further averaged to generate mean daily minutes of sedentary time which account for seasonal changes in behavior.
Survey. Participants completed the same four-page survey at the beginning and end of the 1-yr validation study. Information on sedentary time was collected using the question, ''During the past year, estimate the hours per day you spent on typical weekdays and weekends in each of the following activities. Please average your seasonal physical activities over the entire year. Try to account for all 24 hId j1 .'' Sedentary time items included ''sitting or lying down while watching TV'' and ''other sitting (at work, at computer, while driving, eating, etc.),'' with responses including ''0, G1, 1-2, 3-4, 5-6, 7-8, 9-10, 11+ hId j1 .'' To generate a ''total sitting time'' value, the mean number of hours within the response categories (i.e. 0, 0.5, 1.5, 3.5, 5.5 hId j1 , and so on) were summed for the TV-related sedentary time and other sedentary time items.
Statistical Analysis
Mean sitting time according to the survey, diary, and accelerometer was calculated for each demographic subgroup. Reliability of specific survey items was assessed by calculating Spearman correlation coefficients (Q) between the presurvey and postsurvey responses for each individual item. Reliability estimates were also calculated stratified by age group, BMI (18-24.9 kgIm j2 , normal; 25-29.9 kgIm j2 , overweight; Q30 kgIm j2 , obese), educational attainment, occupational status, and adherence to physical activity guidelines (based on accelerometer data). Differences among subgroups were tested for statistical significance using Fisher_s z test.
Criterion validity of the sitting measure was assessed via the method of triads. Based on factor analysis theory, the method of triads can be used to estimate model parameters which define the theoretical relationship between three measured exposures and the ''true'' latent (unobserved) exposure (16, 18) . This methodology encompasses calculating three validity coefficients (VC), which are correlations between the ''true'' time spent sedentary and the measured time spent sedentary. Validity coefficients are calculated using a set of three pairwise correlation coefficients (Pearson r) among the accelerometer, the 7-d diary, and the poststudy survey in the following formulas:
where A, D, and S are the measurements from the accelerometer, diary, and survey, respectively, and VC AT , VC DT , and VC ST are the validity coefficients between the ''true'' time spent sedentary and the accelerometer-measured, diaryestimated, and poststudy survey-estimated sedentary times, respectively. Bootstrapping methods were used to calculate 95% confidence intervals (95% CI) (17) . The method of triads was also used to calculate criterion validity estimates and bootstrap 95% CI stratified by age, BMI, educational attainment, occupational status, and adherence to the 2008 US federal physical activity guidelines (based on accelerometer data). A sensitivity analysis was conducted restricting to participants with 7 valid days of diary data and 7 valid days of accelerometer data, defined using a longer wear time minimum of 14 h (n = 566).
RESULTS
Overall, 423 women and 290 men with a mean age of 51.7 yr (range, 31-72 yr) were included in these analyses. Most participants were highly educated (74.4% with a college degree) and employed (80.5%) at baseline (Table 1) . Participants recorded diary data for an average of 6.7 d per quarter and 16.8 waking hours per day, and wore the accelerometers for an average of 6.6 d per quarter for 16.1 hId j1 . Overall, participants reported an average of 1.8 fewer hours of sitting time on the poststudy survey compared to the diary, whereas accelerometer-measured sitting time comported well with the diary-measured sitting time (average difference of 22 min).
The correlations for rank-order agreement of total sitting time between baseline and 1-yr retest surveys were moderate or strong (Q0.55; Table 2 ). Significant differences in reliability estimates were seen across racial/ethnic groups, where Latino/a participants had significantly lower reliability estimates compared with non-Latino/a white participants. Test-retest correlations for total sitting were otherwise similar according to sex, BMI, education, employment status, age, and PA guideline adherence.
As shown in Table 2 , test-retest correlations varied by domain-specific item, although reliability estimates were generally strong for both sitting items and all demographic strata (Q0.6). The Spearman correlations were generally stronger for the ''sitting or lying down while watching TV'' item, where the strongest correlations were seen among overweight (0.75; 95% CI, 0.68-0.79) and age 60+ (0.79; 95% CI, 0.74-0.84) subgroups. Additionally, a pattern of increasing reliability by age was observed for the TV viewing item. For the ''other'' sitting item, which included work, eating, and driving, significant differences were seen across racial/ ethnic groups, with lower reliability estimates among Latino/a participants compared to non-Latino/a black and white participants. Representing the most drastic difference in other sitting time among strata, reliability estimates were higher among employed participants (0.70; 95% CI, 0.65-0.74) compared with participants not employed during data collection (0.39; 95% CI, 0.24-0.52).
Demographic-specific Pearson bivariate correlations between the accelerometer-, diary-, and survey-measured total sitting time are presented in Table 3 . The overall correlation for agreement of total sitting time between the survey and diary was 0.53 (95% CI, 0.47-0.58), although there were significant differences by age group. Agreement between the survey and accelerometer was a bit lower at 0.41 (95% CI, 0.35-0.47).
Validity coefficients for survey-assessed total daily sitting time are presented in Table 4 . Among the entire sample, the VC between survey-assessed sitting time and the latent sitting time variable was 0.62 (95% CI, 0.55-0.69). However, among the various demographic strata, VC ranged from 0.51 (95% CI, 0.33-0.68; for participants not currently employed) to 0.75 (95% CI, 0.63-0.88; for participants between the ages of 30-39 yr). Significant differences were seen among the youngest and oldest age groups, although there was no clear pattern by age. Validity coefficients also differed by physical activity guideline compliance, such that participants meeting guidelines had a significantly higher VC. Differences across all other demographic groups were statistically insignificant.
Over 79% of participants (n = 566) had complete diary and accelerometer data (7 valid days of data/quarter using a 14-h wear time minimum) and were included in the sensitivity analysis (Table 5) . Overall, most VC did not change significantly, although there was a small increase in validity estimates among participants age 40 to 49 yr and a decrease among participants with obesity. There were differences in the percent of participants included in the sensitivity analysis by strata. For example, 85.5% of normal weight participants and 83.3% of white participants had complete enough accelerometer/diary data for inclusion in this analysis; meanwhile, 66.9% of obese participants and 66.9% of black participants were included. All differences among strata were attenuated and no longer statistically significant when restricting to participants with complete data.
DISCUSSION
As evidence of the adverse effects of a sedentary lifestyle accumulates, it is important to assure that this exposure is appropriately measured. Validation studies of self-reported measures of sedentary time are less common than validation studies of self-reported measures of physical activity, partially not only because of the relatively novel understanding of excess sedentary time but also because of the costs, time, and burden associated with many objective sitting time measures. In the current study, we used the method of triads with accelerometer and 7-d diary data to model ''true'' sitting time for comparison with survey-measured sitting time. The CPS-3 sitting time survey had moderate or strong reliability across all subgroups, with rank-order correlations comparable to prior studies of commonly used sitting time surveys (33, 34) . However, stronger reliability was generally observed for the TV sitting item compared to the ''other sitting'' item. This finding was expected as prior studies have suggested that items regarding sedentary behaviors that are done on a regular basis and for prolonged periods of time, such as watching TV, tend to exhibit stronger reliability than behaviors done less regularly (including driving and ''other'' general sitting activities) (10) . This theory may also help explain the linear trend for reliability estimates by age group for TV sitting, as adults tend to watch more TV as they age, with the largest increase in TV viewing time occurring around the retirement transitional period (35, 36) . Further, it may be easier to recall time spent sitting while watching TV in general, as TV shows tend to follow a certain time structure (i.e., 30-or 60-min-long shows) which can feasibly be summed. The largest difference between strata was seen for reliability of the ''other sitting'' item by employment status, where stronger reliability was observed for employed participants (0.70 for employed vs 0.39 for not currently employed). The difference by employment status for ''other sitting,'' which includes sitting for work, may be due to the long test-retest period. As the employment status, question asks participants if they were ''employed in the past year,'' and 6.5% of the participants changed their employment status during the 1-yr data collection period, there may have been a true change in the time spent sitting for work between the presurvey and postsurvey periods for these participants. Further, it is possible that participants who are employed full time have more consistent schedules and sitting patterns and can therefore report sitting time more reliably.
It is important to note that the average number of minutes per day spent sitting estimated from the CPS-3 survey was considerably lower than the number of minutes per day spent sitting according to the accelerometer or 7-d diary data. These results are consistent with prior reviews, which suggest that questionnaires tend to underestimate sitting time and rarely exhibit good validity (37) . Correlations for total sitting time measured by CPS-3 and accelerometry reported in the current study were similar or slightly higher (0.41; 0.35-0.47) than those for other surveys. A large systematic review of the criterion (accelerometer) validity of several sedentary time surveys, for example, reported a median Spearman correlation coefficient of 0.23 (37) . A more recent validity study of the England Physical Activity and Sedentary Behavior Assessment Questionnaire, which parallels the CPS-3 in format and verbiage although it assesses activity during a different timeframe, reported Spearman correlations of 0.31 (0.25-0.37) for women and 0.25 (0.19-0.31) for men (38) . Further evidence of the acceptable validity of the CPS-3 survey for assessing sitting time is demonstrated by the overall VC of 0.62 (95% CI, 0.55-0.69). However, the magnitude of VC did differ between subgroups. The largest difference was observed between the youngest (age, 30-39 yr) and oldest (age 60+ yr) participants, but statistically significant differences were also observed between participants adhering to PA guidelines and their nonadhering counterparts. These differences may be partially explained by the idea that participants with less structured lives (lacking a consistent work or exercise schedule) may have a more difficult time accurately recalling their behaviors. Together, these results suggest that the CPS-3 survey is suitable for ranking or classifying participants in our population according to a broad sedentary time category, but may not be suitable for detecting small differences in daily sedentary time.
Restricting to participants with complete data (7 valid days of diary and accelerometer data defined by a 14-h wear time minimum) increased the overall VC, although not significantly. Perhaps just as interesting was the difference in compliance (i.e., the percent of original sample included in the sensitivity analysis) across subgroups. Given the stark contrasts seen among race/ethnicity and BMI categories, it is important to understand why it may be more difficult for some subgroups to comply to longer accelerometer wear/diary completion protocols. For example, it is possible that participants with excess abdominal adiposity, particularly women, may feel more discomfort or embarrassment with hip-mounted accelerometer wear, and therefore may be less willing to wear the device for longer periods (39) . Participants with obesity also tend to overreport physical activity and under-report sedentary time, which may have further contributed to the weaker VC among obese participants in the sensitivity analysis (40) . Overall, sensitivity analysis results suggest that the CPS-3 measure is appropriate for use among participants with diverse demographic characteristics, as there were no statistically significant differences in validity by subgroup.
This study has several strengths, including a large, demographically diverse sample size with the power to detect differences among subgroups. Participants in this study were highly compliant, as evidenced by both the high retention rate throughout the year-long data collection process and the high proportion of participants with complete data (~79%), even when using a 14-h wear time minimum. This study is also strengthened by the attempts to capture seasonal variation in sitting behaviors through quarterly data collection. Additionally, modeling a latent variable representing the ''true'' amount of sitting time, based on 7-d diary and objective accelerometer data, allowed for the evaluation of validity in a large cohort without the use of direct observation or activPAL devices.
This study also has several limitations that ought to be considered. Although participant compliance is a strength, it is possible that the CPS-3 AVSS participants are not representative of the underlying CPS-3 population. As the participants in this study were seemingly invested, they may have spent more time and effort on survey responses than the average respondent. Participants may have also been motivated by the monetary incentive, although it is important to note that 18% of participants donated their study incentive to the ACS. Another potential limitation of this study is the very long test-retest period. As the CPS-3 survey asks participants to report their daily average sitting time during the past year, it was not possible to determine if the differences in 1-yr responses were due to poor reliability or true changes in sitting time (i.e., intentional changes in physical activity and/or sitting behaviors, reduced reactivity to monitoring, etc.). Despite the long test-retest period in the current study, studies with much shorter retest periods produced reliability estimates of similar magnitude (33, 34) . Further, as with any study reliant on accelerometer data, the lack of agreement regarding cut-points for sedentary time and the various other processing decisions may influence results (41) . However, efforts were made to select algorithms which have been shown to provide optimal data when used in combination with a self-reported wear log (42) . And finally, the CPS-3 sitting time items do not allow for the identification of breaks in sedentary time or very long bouts of sedentary time, which may be particularly important metrics of sedentary time.
CONCLUSIONS
The CPS-3 sedentary behavior questionnaire has acceptable reliability and validity for ranking or categorizing participants according to a broad category of sedentary behavior level. The current findings further suggest that participant responses are likely not systematically biased by sex, age, race/ethnicity, BMI, education, occupational status, or current physical activity level.
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